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ABSTRACT 

Noraud skin of nude mice (BaHW^) ww treated tojwcaWy with 5-anuDQlevulmk acid (ALA) and its 
mediyl ester (ALA-Me) for 24 houn. Appfoxiinttcly 0.1 gnun of fiesWy pwpwed cream was applied 
to a spot of I cm' OD tbe flank of the mice, whKh was then covered wiih a traispareDt dress ing. The 
AI> twhioed protopoq)liyrm IX (PpIX) was stu^ 

fluaraoence probe connected to a himinescence spectrometer. The excitation wavelength was 407 nm, 
and the emission wavelength was 637 nm. 

For the first hour a slight lag in PpDC production wras obsen^ fi^ 
Me compared to the mice treated with ALA. After approximately 12 hours the ALA and the ALA-Me 
treated mice showed the same PpDC fluorescence intensity. From 12 hours until 24 hours the PpDC 
fluorescence intensity decreased for both treatment modalhies, even though ALA and ALA-Me were 
continuousty present At 24 hours ALA-Me-treated mice had less than half the amount of PpEX in their 
skin compared with ALA-treated mice. 

Keywords: Photodynamic thercpy. Fluorescence monitoring. Prodrug, S-aminolevulmic acid (ALA), 

L INTRODUCTION 

A substantial amount of clinical work is being carried out widi 5-aminolevulinic acid (ALA)-gcncrated 
protoporhyrin DC (PpDC) as sensitizer, and photodynamic therapy (PD1) with ALA has been shown to 
be a promising treatment for superficial skin malignancies. A limited depth of ALA penetration 
through the skin significantly limits the usefulness of this modality'-'. Basal cell carcinoma (BCC) is 
the most fi^uent malignant tumour in the white population. For nodular BCC, in contrast to superficial 
BCC, POT based on topical application of ALA has a low complete response ratc*^. Human skin is 
poorly permeable to most foreign substances, including drugs. Thus, methods to increase the 
penetration of ALA into all layers of the tumour are crocial for a more extensive use of the ALA PDT 
modality. 
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ALA is a hydrophilic molecule, and does not ewily pendnte biological bairien widi 
lipophilic properties nch as the stialnm comeum of the skin or ceU taaBbnatt*. Detmal deliveiy may 
be improved by derivatisation of ALA. More lipophilic ALA derivatives, like ALA esters, are expected 
to penetnte deeper into the tissue than ALA ilsclf. An improvement of the bioavailabttity of ALA by 
use of an ALA-prodiug is related to two processes: Hie rate of diffiision of the prodrug through 
biologieal baniew and the rate of ew^matic convenlon hrto the parent ALA*. 

An important advantage of using ALA or some of its deiiv«ive$ tastead of other 

phoiDsensitiim like hematopoiphyrin derivative or phthalocyanines, is that the photosensitiring effect 
of the ALA-iwhieed PpK OB skin does not remain much kMger than 4« h«w and dius the prt 

not sulfa fiom proloogsd skm plK)losensitiviiy*. I1>IX also acci^^ 

extent than most other pbotosensitian. minimfaing damage to normal suirounding tissues during 



h is posiaie IB study ALA mduced I^K kinetics by means of a noninvasive fibred 
fta«,eeiicepro»»ooi«ee*edtoah«»inescenee8pectromete.'.lDthepresertwkweh 
PpK kineties in m«ie mouse skin, generated by topical application of ALA or its melM 

Me). 

2. MATERIALS AND METHODS 

^»<mab. Norinal femate Balb/c nude mice, approximately 6-12 weeks oW. vwe used. 
TVpicaUy. the mk* weighed 25 gram. Food and water was provided ad U^itwn. TTie animab were 
anaestfietixed with hyptioio/doimicmn(approximately4mVkg body weight) 10 minutes prior to the 
application of die cream. No anaesthetics were used during the measurements. 

Chemicab. The ALA and die ALA-Me hydroehtorides were obtahied from Sigma (St Louis. 
MO). Tlie ALA cream (2(m w/w) was made by dis«)lving 200 mg ALA hydrochloride in 200 mg 
distilled water, and tfien mixing ttiis solution into 600 mg of a eream base (Unguenlmn. Merck. 
Oennany). The ALA-Me cream was made in die same way, but to obtain the same mohr amount of 
ALA as in die ALA cream, more of the ALA-Me hydrochtaride (216 mg) and less distilled water (184 
mg) were used. Approximately 0.1 gnmi of fieshly prepared creon was applied to a 1 cm' spot on one 
flank of die mice, and fliea covered widi a transparent dressing (OpSHe Flexigrid, Smith & Nephew 
Medical Ltd.. England). During die application of die cream. d» skin fluorescence was measured evety 
hour for die fust 6 hours, and tfMieveiy second hour mitil 14 houre. Ihe fluorescence was also 
measured 24 hows after application of die eream. TTie transparent dressing was kept on during die 
entire experiment, and did not disturb the measurements. 

Fluorescenee detection. During die measurements die mice were not anaesdietized, but 
carefully heW onto a table. TTie ALA-induced PpDC fluorescem* was detected by means of a 
noninvasive fibre-optic fluorescence probe connected to a luminescence spectrometer (Pericni Ehner 
LS30B). The excitatton wavelengfli was 407 nm, and die emission wavelengdi was 637 nm. 



X RESULTS AND DISCUSSION 



Juzenas et a! (manuscript in preparation) have found that penetration of ALA and ALA-Me into the 
skin is a relativeiy fast process while &e biosynthesis of PpDC is significantly slower, taking several 
hours to yield the maximal amount of PpDC. For the first hour a slight lag in PpIX production was 
observed for the mice treated witfi ALA-Me compared to the mice treated with AlA (figure 1 ). 
According to Kloek ero/.'tfiisoouldbeduetothe fact that the ALA ester needs some time to be 
converted mto ALA before h can be used in the heme synthetk; pathway. After approximately 12 hours 
the ALA and tfie ALA-Me-lreated mice showed the same PpDC fhioresoenoe intensity. This b in good 
agreement whh Kloek ct aL^ who have shown (in vitro) diat die difference between ALA and its esters 
with respect to I^pIX prodactMa b less pranoimced after stKta incu^^ 

Fhim 12 hours untit 24 hours the PpDC fhtoresceooe mtenstty decreased for both treatment 
modalities, evea though ALA and ALA-Me were continuously present At 24 hours ALA-Me-treated 
mice had less than half the amount of PpDC in their skin compar ed with ALA-treated mice. This 
hidicates ftster dearence of the ALA-Me dian the ALA, and thus an even shorter duration of the skin 
photosensitiviQ^. 

We also observed a systemic eflfect in die mice M hours after starting topical application of 
the 20% ALA cream; i.e. die sidn of die whole mouse was fluorescing when illuminated widi a UV 
lamp (fiffire 2a). On the other hand, even after 24 hours of continuously toptpal application of ALA- 
Me cream, PpDC fluorescence couM be found only in die spot where the ALA-Me cream had been 
applied (figure 2b). Studies m humans also indicate that ALA-Me accumulates more selecdvety in the 
lesions dian ALA'. In addition Peng er al, have found ALA estei^induced porphyrin fluorescence in 
human nodular BBC lesions to be more bomogenously distributed than the PpDC fluorescence induced 
by ALA. 
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Figure 1 : Mean initial PpIX fluorescence as a function of time after topical application of 
ALA and ALA-methyl ester on normal nude mice skin. 



Figure 2: PpIX fluorescence in Batb/c nude mice skin aAer continuously topical application of a) 20Vo 
ALA cream and b) 20% ALA-methyl ester cream for & hours. The. mouse in picture a) shows 
fluorescence all over, while mouse b) shows fluorescencie only in Ihe spot where the cream was 
applied. The mice where rlluminated by a U V lamp during the photo session. 



